If induced pluripotent stem (iPS) cells are to be used to treat damaged tissues or repair organs in elderly patients, it will be necessary to establish iPS cells from their tissues. To determine the feasibility of using this technology with elderly patients, we asked if it was indeed possible to establish iPS cells from the bone marrow (BM) of aged mice. BM cells from aged C57BL/6 mice carrying the green fluorescence protein (GFP) gene were cultured with granulocyte macrophage-colony stimulating factor (GM-CSF) for 4 days. Four factors (Oct3/4, Sox2, Klf4 and c-Myc) were introduced into the BM-derived myeloid (BM-M) cells. The efficiency of generating iPS cells from aged BM cultured in GM-CSF was low. However, we succeeded in obtaining BM-M-iPS cells from aged C57BL/6 mice, which carried GFP. Our BM-M-iPS cells expressed SSEA-1 and Pou5f1 and were positive for alkaline phosphatase staining. The iPS cells did make teratoma with three germ layers following injection into syngeneic C57BL/6 mice, and can be differentiated to three germ layers in vitro. By co-culturing with OP9, the BM-M-iPS cells can be differentiated to the myeloid lineage. The differentiated BM-M-iPS cells proliferated well in the presence of GM-CSF, and lost expression of Nanog and Pou5f1, at least in part, due to methylation of their promoters. On the contrary, Tnf and Il1b gene expression was upregulated and their promoters were hypomethylated.
Introduction
The generation of induced pluripotent stem (iPS) cells from murine and human somatic cells through forced expression of defined transcription factors (Takahashi and Yamanaka, 2006; Takahashi et al., 2007; Wernig et al., 2007; Jaenisch and Young, 2008) constitutes a major breakthrough in regenerative biology (Hanna et al., 2007) . This technology opens the possibility of personalized cell therapies for treating human disease and/or repairing the damaged tissues of elderly patients. To use iPS cells to treat damaged tissues or repair aged organs, it will be necessary to establish iPS cells from elderly patients. Since bone marrow (BM) cells are relatively easy to obtain by BM aspiration, we asked if it was possible to establish iPS cells from BM cells of aged mice. Murine iPS cells have been established from mouse embryonic fibroblast (MEF) and adult fibroblast cells (Takahashi and Yamanaka, 2006; Takahashi et al., 2007; Wernig et al., 2007) . Although the efficiency of producing iPS cells from MEF is low, the efficiency of producing iPS cells from other cells is even lower. For example, T cells are difficult to convert to iPS cells without p53 deficiency (Hong et al., 2009) . Here, we established iPS cells from aged BM-derived myeloid (BM-M) cells. We present data that show the efficiency of reprogramming aged BM-M cells and the pluripotency of the BM-M-iPS cells in generating teratoma with three germ layers. Further, we differentiated BM-M-iPS and MEF-iPS back to myeloid cells and compared the histological morphology, pluripotent gene expression, myeloid gene expression and myeloid cell surface marker expression of these cells. Finally, we compared the state of gene promoter methylation of undifferentiated BM-M-iPS and differentiated cells.
Results

Establishment of iPS cells from BM-M cells from aged mice
We attempted to establish iPS cells from aged mice, using BM cells from aged EGFP-C57BL/6 mice. Efforts to establish iPS cells by direct BM transduction with four retroviral factors were unsuccessful. Because it takes some time to establish iPS cells, BM cells without stimulation may die before the establishment of iPS cells. Thus, we used BM-M cells in granulocyte macrophage-colony stimulating factor (GM-CSF), which were actively proliferating. To ascertain the efficiency of iPS generation, we used MEF cells from C57BL/6, BM-M cells from 2-month-old C57BL/6 and 23-month-old C57BL/6. With MEF cells and 2-month-old BM-M cells, colonies appeared approximately 15 days after transduction. However, the number of colonies from MEF cells increased more rapidly than those from 2-month-old BM-M cells. As for 23-month-old BM-M cells, colonies appeared 30 days after transduction. The colony number was less than those obtained from MEF cells or 2-month-old BM-M cells ( Figure 1B) . One MEF-derived iPS (MEF-iPS) colony was expanded and was used in this report.
Then we tried to establish iPS clones by using BM of 21-month-old EGFP-C57BL/6 mice, which had been cultured for 4 days in GM-CSF. Since the efficiency of establishing iPS cells from aged mice was low, we treated the BM-M cells twice with four retroviral factors. After 1 month of culture in iPS medium, a few colonies emerged. We picked up two clones (1 and 2) and expanded them on mitomycin-C-treated SNL76/6 cells. The morphology of the cells was similar to that seen with established iPS cells ( Figure 1C and Supplemental Figure S2 ). For further experiments we mainly used BM-M-iPS 1.
Pluripotent makers SSEA-1 and Pou5f1 were detected by immunocytochemical analysis in BM-M-iPS 1 cells and MEF-iPS cells. BM-M-iPS 1 cells expressed green fluorescence proteins (GFPs) ( Figure 1D , upper, left) and expressed SSEA-1 and Pou5f1 (Figure 1D, upper, right) . MEF-iPS cells also expressed SSEA-1 and Pou5f1 ( Figure 1D , lower, right). We analyzed alkaline phosphatase (AP) activity of both BM-M-iPS 1 and MEF-iPS to examine the undifferentiated status of each iPS clone. Strong AP activity was observed in both BM-M-iPS 1 and MEF-iPS cells ( Figure 1E) . BM-M-iPS 1 had normal karyotypes (Supplemental Figure S3 ).
Teratoma formation by 21-month-old BM-M-iPS cells
In order to evaluate the pluripotency of iPS cells derived from aged BM-M cells, we transplanted the BM-M-iPS 1 cells to the dorsal flank of syngeneic C57BL/6 mice. We found that aged BM-M-iPS 1 cells produced teratoma 21 days after transplantation ( Figure 2A) . The teratoma contained various tissues (artery, stratum corneum, smooth muscle, gut-like epithelium, bronchial epithelium, adipose tissues, nerve and vein) belonging to three germ layers (endoderm, mesoderm and ectoderm) ( Figure 2B ). All the teratoma tissues expressed GFP protein (Figure 2C, upper) . Tissues of teratoma were positively stained with alpha-smooth muscle actin (mesoderm), a-fetoprotein (endoderm) and neurofilament H (ectoderm), respectively (lower) ( Figure 2C ).
In vitro differentiation of 21-month-old BM-M-iPS cells Then we try to differentiate BM-M-iPS 1 cells to three germ layers in vitro. We cultured BM-M-iPS cells by the hanging drop methods for 8 days to get embryoid body (EB). Then EBs were transferred to 24-well plates coated with 0.1% gelatin ( Figure 3A ). After 10 days culturing, they were stained with tissue-specific antibodies. Differentiated BM-M-iPS 1 cells expressed GFP ( Figure 3B , left) and alpha-smooth muscle actin, a-fetoprotein and neurofilament H ( Figure 3B , middle). We also differentiated MEF-iPS by the same way (data not shown). The proportions of the cells that express the differentiation marker were counted. The proportions of the cells, which express alpha-smooth muscle actin, were 50% in BM-M-iPS and 61.2% in MEF-iPS. Those of a-fetoprotein were 84.1% in BM-M-iPS and 51.7% in MEF-iPS, and those of neurofilament H were 68% in BM-M-iPS and 73.1% in MEF-iPS. These results indicated that differentiation capacity to three germ layers was not so different between BM-M-iPS and MEF-iPS.
We investigated that if it was possible to differentiate aged BM-M-iPS cells back to myeloid cells. The BM-M-iPS 1 cells or MEF-iPS cells were co-cultured with OP9 cells for 5 days in OP9 medium, and then transferred to fresh OP9 cells in OP9 medium supplemented with GM-CSF for another 5 days ( Figure 3C ). Then, cells were transferred to 6-well plates, which had not been treated to promote cell adherence. We found myeloid-like cells at this point from both BM-M-iPS and MEF-iPS ( Figure 3D ). Cells were then expanded in petri dishes.
Gene expression of BM-M cells, BM-M-iPS cells, MEF-iPS cells and iPS cells after differentiation
We examined the expression of genes of BM-M-iPS cells to determine whether the expression pattern had changed from that were injected into the dorsal flank of C57BL/6 mice. After 21 days, the teratoma were collected and fixed in OCT compound, transferred to liquid nitrogen, then cut with a freezing microtome to 5 mm slices. (B) Slides were stained with hematoxylin and eosin. Upper panel shows artery like structures (×100). Middle panel shows stratum corneum, smooth muscle and gut-like structures (×100). Lower panel shows bronchial epithelium (×100), adipose and nerve (×100), and vein (×40) like structures. (C) Slides were stained with: rabbit anti-GFP, mouse anti-neurofilament H, mouse anti-a-fetoprotein or mouse anti-alpha-smooth muscle actin antibodies. Then stained with secondary antibody: anti-mouse IgG or antirabbit IgG, respectively (×100).
iPS from aged mice expected of myeloid cells to that of pluripotent stem cells. BM-M cells cultured 4 and 7 days in the presence of GM-CSF expressed myeloid cytokines (Tnf, Il1b), the chemokine CCL7 and transcription factors C/EBPa, and Pu-1. Expression of these factors in BM-M-iPS cells was reduced to the same level observed in MEF-iPS cells. As expected, BM-M-iPS cells expressed Nanog, Pou5f1 and other pluripotent markers at the same level as MEF-iPS cells. After differentiation to myeloid lineage cells in GM-CSF, BM-M-iPS and MEF-iPS lost their expression of Nanog, and Pou5f1. However, they expressed myeloid cytokines (Tnf, Il1b), chemokine (CCL7) and transcription factors (C/EBPa, Pu-1) ( Figure 4A ).
Different patterns of gene promoter methylation of pluripotent stem cells and myeloid-differentiated cells
In order to characterize gene expression at the chromatin level, we performed chromatin immunoprecipitation (ChIP) assays. We found that the promoters of Nanog and Pou5f1 were hypomethylated in BM-M-iPS. When differentiated to myeloid lineage cells, they were hypermethylated. Interestingly, the promoters of Tnf and Il1b were hypermethylated in BM-M-iPS. They were hypomethylated once they had differentiated to myeloid lineage cells ( Figure 4B and C).
Expression of myeloid lineage cell surface makers in differentiated BM-M-iPS and MEF-iPS
Since BM-M-iPS expressed GFP protein, cell surface expression of myeloid lineage makers was analyzed with PE-labeled antibodies.
Both myeloid-differentiated BM-M-iPS and MEF-iPS expressed CD11b and CD115, but expressed neither MHC class II nor CD11c. These results indicated that BM-M-iPS had been differentiated to myeloid lineage cells ( Figure 4D ).
Discussion
We successfully established iPS cells from aged mice using BM-derived myeloid cells. Our experiments demonstrated three important findings. First, iPS cells can be generated from BM-derived myeloid cells. Second, iPS cells can be derived from aged mice. Finally, the iPS cells derived from C57BL/6 mice expressed GFP, thus these iPS cells can be used for regenerative medicine experiments in vivo, allowing us to follow their differentiative fate.
For optimized clinical use of iPS cells for personalized cell therapies, it is important to select a relatively simple and safe way to obtain tissue sources (Amoh et al., 2009; VandenDriessche et al., 2009; Chen et al., 2010; Cho et al., 2010; Hwang et al., 2010; Seifinejad et al., 2010; Sun et al., 2010) . Several sources are used to establish iPS cells. The most common sources are fetal fibroblasts and adult fibroblasts (Takahashi and Yamanaka, 2006; Wernig et al., 2007; Stadtfeld et al., 2008) . Adult neural stem cells can be established from iPS cells with just two factors (Kim et al., 2008) . Adult mouse hepatocytes and gastric epithelial cells were successfully used to generate iPS cells (Aoi et al., 2008) . Immune cells, including B cells (Hanna et al., 2008) and T cells (Hong et al., 2009) , have been used to establish iPS cells. For regenerative medicine, it is not ideal to use B cells or T cells to establish iPS cells because of gene rearrangement. Okabe et al. (2009) used murine BM cells to establish iPS cells and showed no rearrangement. There is another report in which BM cells were used to establish iPS cells; Kunisato et al. (2010) reported the generation of iPS cells from adult murine BM cells. However, in those experiments, the sources of iPS cells from BM contained B cells in which genes had already been rearranged. In order to avoid gene rearrangement, we cultured BM cells for 4 days with GM-CSF, which induces myeloid lineage cells. Before transduction we stained the cells at this stage with several antibodies which react with myeloid cells. More than 98% were Gr-1/CD11b-positive cells and lacked B (IgM/B220) cell and T (CD4/CD8) cell makers. They have other myeloid cell makers (Supplemental Figure S1 ).
In the case of elderly patients, the use of iPS cells for personalized clinical cell therapy requires the establishment of iPS cells from relatively old autologous tissue. Here, we demonstrated that it was possible to establish iPS cells from 21-month-old C57BL/6 mice. It has been shown previously that fibroblasts from aged mice or highly differentiated hematopoietic cells have reduced capacities to produce iPS cells (Eminli et al., 2009; Li et al., 2009) . Our experiments showed the efficiency of iPS cell generation in aged mice is indeed lower than that of young mice ( Figure 1B) . Another problem is whether iPS cells from aged mice can be differentiated to somatic cells. It has been shown that human iPS cells established from adults are capable of differentiating into hemangioblast cells, but with dramatically decreased efficiency and early senescence (Feng et al., 2010) . In our present experiments, aged BM-M-iPS cells could be differentiated into myeloid lineage cells and the differentiated cells proliferated well in the presence of GM-CSF. We did preliminary experiments to compare the differentiation capacity of BM-M-iPS (1 and 2) with that of MEF-iPS (iPS cells from our laboratory and iPS cells from Yamanaka's laboratory). Differentiation capacities of BM-M-iPS (1, 2) and MEF-iPS (iPS cells from our laboratory and iPS cells from Yamanaka's laboratory) were not greatly different ( Supplemental Table S1 ). Further precise experiments are sure to be needed.
We found that the gene expression pattern of the pluripotent markers of aged BM-M-iPS cells was similar to that of MEF-iPS cells ( Figure 4A) . BM-M-iPS cells can be differentiated back to myeloid cells by co-culturing with OP9 in the presence of GM-CSF (Senju et al., 2003; Vodyanik et al., 2005; Ji et al., 2008; Choi et al., 2009; Senju et al., 2009) . The differentiated cells proliferated in the presence of GM-CSF and expressed myeloid cell surface markers CD11b and CD115, and Tnf, Il1b, CCL-7, C/EBPa, Pu-1 mRNAs ( Figure 4A) . Thus, differentiated cells have markers similar to those of monocytes or macrophages.
It has been shown that gene expression can be regulated by histone methylation. Histone methylation causes gene silencing and heterochromatin formation, which is an essential mechanism of epigenetic regulation (Sun and Allis, 2002; Tenney et al., 2006; Kondo et al., 2008; Vaissiere et al., 2008; Shukla et al., 2009) . Expression of Nanog and Pou5f1 is important for maintaining the pluripotency of both embryonic stem cells and iPS cells (Loh et al., 2006; Liang et al., 2008; Tay et al., 2008) . Using chromatin immuno-precipitation assays, we investigated histone H3 methylation of both Nanog and Pou5f1 in undifferentiated BM-M-iPS cells and differentiated BM-M-iPS cells. The results of ChIP assays indicated that both Nanog and Pou5f1 were hypomethylated in undifferentiated BM-M-iPS cells and hypermethylated in differentiated BM-M-iPS cells, which is consistent with previous reports of the epigenetic regulation of Nanog and Pou5f1 genes in embryonic stem cells (Hattori et al., 2007; Fouse et al., 2008) . In contrast, both Tnf and Il1b were hypermethylated in undifferentiated BM-M-iPS cells and hypomethylated in differentiated cells, which explains the gene expression patterns obtained with RT-PCR ( Figure 4B,C) . The results of ChIP assays support the idea that changes in histone methylation may play an important role in both the reprogramming required to achieve pluripotency and the directed differentiation of pluripotent stem cells, which affects the expression of genes associated with pluripotency and those required for myeloid differentiation.
Materials and methods
Mice C57BL/6 (C57BL/6J) mice were purchased from SLC Japan. EGFP-C57BL/6 mice (C14-Y01-FM131Osb) carrying pCAG-EGFP (CAGpromoter-EGFP) were purchased from Riken with the permission of Dr Okabe (Okabe et al., 1997) . All mice were maintained in the Animal Research Facility at the Nagoya University Graduate School of Medicine under specific pathogen-free conditions and used according to institutional guidelines.
Cell culture
For MEF isolation, uteri isolated from 13.5 days pregnant mice were washed with phosphate-buffered saline (PBS). The head and visceral tissue were removed from each isolated embryo. The remainder of the bodies were washed in fresh PBS, minced using a pair of scissors, transferred into a 0.25-mM trypsin/ 1-mM EDTA solution (3 ml per embryo) and incubated at 378C for 20 min. After incubation, an additional 3 ml per embryo of PBS was added, and the mixture was incubated at 378C for 20 min. After trypsinization, an equal amount of medium (6 ml per embryo of DMEM containing 10% FBS) was added and aspirated with a pipette to promote tissue dissociation. Then, cells were filtered through a mesh, seeded at 1 × 10 6 cells per 10 cm dish and incubated at 378C in 5% CO 2 .
BM myeloid cells were generated according to the method of Inaba et al. (1992) . Briefly, BM cells were cultured in RPMI 1640 medium (10% FBS), 300 g/L L-glutamine, 100 U/ml penicillin, 100 mg/ml streptomycin and 50 mM 2-mercaptoethanol (Sigma Aldrich) containing 0.3% GM-CSF supernatant (from murine GM-CSF producing Chinese hamster ovary cells, a gift from Dr T. Sudo, Toray Silicon, Tokyo, Japan). Floating and loosely adherent clustering cells were collected on day 4 and used as BM myeloid cells.
Plat-E packaging cells, which were used to produce retroviruses, were kindly provided by Dr Kitamura (Morita et al., 2000) , and maintained in DMEM containing 10% FBS, 50 U/ml penicillin, 50 mg/ml streptomycin, 1 mg/ml puromycin (Sigma) and 100 mg/ml of blasticidin S (Funakoshi). SNL76/7 feeder cells were clonally derived from the STO cell line transfected with a G418 R cassette and an LIF expression construct (Williams et al., 1988) .
OP9 cells were purchased from Riken. OP9 cells were maintained by culturing in a-MEM (Gibco 12571) supplemented with 1% L-glutamine, 1% non-essential amino acid, 100 U/ml penicillin, 100 mg/ml streptomycin and 20% non-inactivated FBS at 378C with 5% CO 2 . iPS cells control were provided by the Riken cell bank (Wako, Japan), with the permit of Dr S. Yamanaka.
All iPS cells were maintained by culturing in KO-DMEM (Gibco) supplemented with 1% L-glutamine, 1% non-essential amino acid, 100 U/ml penicillin, 100 mg/ml streptomycin, 5.5 mM 2-mercaptoethanol and 15% FBS (iPS medium) at 378C with 5% CO 2.
Retroviral infection
One day before transduction, Plat-E cells were seeded at 5 × 10 5 cells/well in 6-well culture plates. pMXs-c-Myc, pMXs-Klf4, pMXs-Sox2 and pMXs-Oct3/4 were purchased from Addgene. The pMXs-based retroviral vectors were introduced into Plat-E cells using Fugene 6 transfection reagent (Roche) according to the manufacturer's recommendations. After incubation, the DNA/Fugene 6 mixture was added drop by drop onto Plat-E cells. Cells were then incubated overnight at 378C with 5% CO 2 .
Twenty-four hours after transduction, the medium was replaced. MEF or BM myeloid cells were seeded at 5 × 10 5 cells on 1 × 10 6 mitomycin C-treated SNL76/7 feeders in 6 cm dishes. After 24 h, virus-containing supernatants derived from these Plat-E cultures were filtered through 0.45 mm cellulose acetate filters (Schleicher and Schuell) and supplemented with 4 mg/ml polybrene (Nacalai Tesque). BM myeloid cells were incubated in the virus/polybrene-containing supernatants for 48 h and MEF for 24 h. After infection, medium was replaced with iPS medium. Clones were collected and expanded for further experiments.
Immunostaining
For immunostaining, cells were fixed in 4% formaldehyde and tissues were fixed in pre-cooled acetone. Non-specific binding sites were blocked with 0.2% BSA and 1% goat serum in PBS. Cells were incubated with optimal dilutions of primary antibody and followed by fluorescence-labeled appropriate antibody. They were observed and photographed with a Keyence BZ-8000 microscope.
Detection of iPS cells by marker staining
ES-AP detection kit (Cat no. SCR004; Chemicon) according to the manufacturer's instructions. For immunofluorescence staining, cells were fixed with 4% paraformaldehyde (EMD Chemicals) diluted in 1 × PBS (Mediatech) for 10 min at room temperature. After washing with 1 × TBST, the cells were blocked with 4% normal goat serum and 0.2% BSA (Sigma), in 0.1% Triton X-100 (Fisher Scientific) for 1 h at room temperature. Primary antibodies included mouse anti-SSEA-1 (1:50; Chemicon), mouse anti-Oct4 (1:50, Chemicon).
Teratoma formation and histological analysis iPS cells were suspended at 1 × 10 7 cells/ml in PBS. C57BL/6 mice were anesthetized with diethyl ether. A total of 100 ml of the cell suspension (1 × 10 6 cells) were injected subcutaneously into the dorsal flank. Three weeks after the injection, the teratoma was surgically dissected from the mice. Samples were embedded in OCT compound. Sections were stained with hematoxylin and eosin.
EB formation and in vitro differentiation
In vitro differentiation by EB formation was analyzed following the protocol of Ohnuki et al. (2009) with some modifications. In brief, iPS were suspended at the concentration of 3 × 10 3 cells/20 ml iPS medium and hanging drop cultured in petri dish for 8 days to get EBs. EBs were transferred to 0.1% gelatin-coated plates to induce further differentiation for 10 days. Differentiated markers such as a-fetoprotein (R&D MAB1368) for endoderm, a-smooth muscle actin (Sigma A2547) for mesoderm and neurofilament H (Cell signaling no. 2836) for ectoderm were analyzed by immunocytochemistry.
RT-PCR analysis
Total RNA was isolated using TRIzol reagent (Invitrogen) according to the manufacturer's recommended protocol. Residual genomic DNA was digested and removed using DNase I (Roche) treatment. First-strand cDNA was synthesized using the Superscript First-Strand Synthesis System (Invitrogen) for RT-PCR and oligo d(T)12-18 primers. The cDNA was diluted with DNase-free water at a concentration of 10 ng/ml. RT-PCR was performed using the Ex-Taq PCR kit (Takara) according to the manufacturer's instructions. The following primers were
Chromatin immunoprecipitation assays ChIP assays were performed by using anti-H3-K27 antibodies (Abcam ab6002). Normal rabbit IgG (Sigma) was used as the negative control to verify immuno-precipitation specificity. BM-M-iPS cells (1 × 10 7 ) and BM-M-iPS differentiated cells were treated with 1% formaldehyde for 10 min at room temperature to form DNA-protein cross-links. Samples were then treated with cell lysis buffer, nucleus lysis buffer, then sonicated on ice until chromatin fragments reached 300-1000 bp in size. Samples were diluted in dilution buffer then pre-cleaned with protein A, followed by incubating with antibodies at 48C overnight. On the next day, samples were treated with protein A and protein G at 48C for 2 h, then washed with high-salt buffer three times, LiCl buffer and low-salt buffer once, followed by TE buffer twice. After washing, samples were resuspended in elution buffer, then treated with proteinase K at 658C overnight. On the third day, samples were purified using QIAquick PCR purification kit. The PCR amplification was performed under the following conditions: 958C for 2 min, 35 cycles of 948C for 30 s, 608C for 30 s, 728C for 30 s, final extension 728C for 5 min. Quantitative real-time PCR was performed as described previously.
Primers were designed as follows: Nanog (f) 5 ′ -GGTT AGAGTGCTTTCACTCAC-3 ′ , Nanog (r) 5 ′ -GCTGGCTTCAGACTTA CTGC-3 ′ ; Pou5f1 (f) 5 ′ -GTGAGGTGTCCGGTGACCCAAGGCAG-3 ′ , Pou5f1 (r) 5 ′ -CGGCTCACCTAGGGACGGTTTCACC-3 ′ ; Il1b (f) 5 ′ -CCG CACATCCTGACTTAAAATGTA-3 ′ , Il1b (r) 5 ′ -TTATTTCCCCCTGG ACAATTGT-3 ′ ; Tnf (f) 5 ′ -ATGCACACTTCCCAACTCTAAG-3 ′ , Tnf (r) 5 ′ -CTTCTGAAAGCTGGGTGCATAAG-3 ′ ; b-actin (f): 5 ′ -GCTTCTTTGC AGCTCCTTCGTTG-3 ′ , b-actin (r): 5 ′ -TTTGCACATGCCGGAGCCGTT GT-3 ′ .
Determination of karyotypes
Karyotypes of iPS cells were identified by quinacrine-Hoechst staining at the International Council for Laboratory Animal Science (ICLAS) Monitoring Center (Kawasaki, Japan).
